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ABSTRACT 

Recent  trend  for  Designing  of  Integrated  Circuits  (ICs)  used  the  Very  Large  Scale  Integration  (VLSI)  technology. 
The  VLSI  chips  designed  with  micro  level  transistors  or  MOFET  uses  interconnections  according  to  the  function  of  ICs. 
The  number  of  parameters  which  effects  on  the  performance  and  efficiency  of  the  ICs  like  Capacitance,  Inductance  and 
Resistance  between  the  interconnect  conductors.  Extraction  of  these  parameters  can  improve  the  speed  and  performance  of 
theselCs.  This  paperfocuses  on  the  parasitic  capacitance  mainly  as  self  and  mutual  capacitance  produced  between 
interconnects  and  ground  plane  and  between  two  interconnect  metals  respectinely  and  extraction  of  this  capacitance  is 
main  task.  In  this  work  the  Monte  Carlo  based  capacitance  extraction  method  is  used  which  followes  by  the  random  walk 
process.  Experimentations  are  performed  on  10  nets  and  extract  the  produced  capacitance,  detail  of  methods  and  results  of 
this  capacitance  extraction  are  discussed  in  detail. 
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INTRODUCTION 

In  this  High-speed  Era  all  things  around  us  are  Digital.  Recents  cenario  is  focused  on  development  of  smallest  and 
powerful  computational  Digital  ICs.  Digital  ICs  contain  small  interconnect  paths  for  inter  device  connection.  Performance 
and  efficiency  of  this  digital  ICs  depends  on  capacitance  produced  between  this  interconnected  paths.  Self  and  coupling 
capacitances  both  play  important  rolein  the  micron  layout  swith  in  ICs.  Accurate  computation  of  this  capacitance  is  the  key 
to  success  of  signal  timing  analyses.  Reduction  of  both  capacitances  will  improve  the  performance  of  circuit  or  chip. 

Various  researchers  [1-4]  detailed  different  techniques  for  computation  and  reduction  of  the  interconnect 
capacitance  [1-4].  Various  numerical  techniques  like  Boundary  Element  Method  (BEM)[1,6],  Finite  Element  Method 
(FEM)  [4],  Monte  Carlo  Integration  [3],  etc.  which  can  compute  these  capacitances  at  different  levels  of  accuracy.  In  this 
Paper  we  focused  on  Monte  Carlo  integration  followed  by  variance  reduction  techniques.  Monte  Carlo  methods  compute 
capacitance  by  evaluating  the  charge  integral  by  statistical  sampling  techniques  [8,9].  The  statistical  sampling  is 
implemented  through  random  walk  process  [3]. 

The  BEM  relates  the  potential  at  the  conductor  boundaries  to  the  charge  distribution  at  those  boundaries  [1],  BEM 
discretize  boundary  and  volume  in  to  elements,  and  write  electro  static  equations  at  each  element.  The  resulting  linear 
equations  are  solved  by  efficient  techniques.  Boundary  element  based  field  solvers  can  effectively  be  used  for  small 
structures  but  can  not  used  for  large  structures  because  of  large  grid  requirement  [2] .  The  Finite  element  method  (FEM)  is  a 
numerical  method  for  solving  a  differential  or  integral  equation.  This  method  essentially  consists  of  assuming  the  piece 
wise  continuous  function  for  the  solution  and  obtaining  the  parameters  of  the  functions  in  a  manner  that  reduces  the  error 
in  the  solution. 
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METHODOLOGY 


Monte  Carlo  is  the  one  of  the  efficient  method  for  extraction  of  capacitance  produced  in  interconnects  of  the  VLSI 
chip  or  IC[3,10,11].  The  Monte  Carlo  algorithm  utilizing  multiplication,  tracing  and  computation.  Monte  Carlo  method 
computes  capacitance  by  evaluating  the  charge  integral  by  statistical  sampling  techniques.  The  statistical  sampling  is 
implemented  through  random  walk  process.  A  random  walk  starting  from  a  point  on  a  Gaussian  surface  of  a  net  and  then 
goes  through  several  random  hops  before  terminating  on  another  conductor  [5].  Since  the  random  walks  are  completely 
independent  of  eachother,  could  be  carried  out  in  parallel  in  order  to  achieve  the  speed  improvement.  The  detail  scheme  of 
Methodology  for  capacitance  extraction  using  Monte  Carlo  algorithm  are  described  in  brief  as, 

•     To  find  the  capacitances  in  the  conductor  decide  the  target  conductor  which  is  called  as  nets.  Here  10  conductors 
are  used  for  experimentation  with  ground  plane,  as  shown  in  Figure  1. 


•  Capacitance  is  defined  by  C=QV  sowe  have  to  find  the  charge  Q  on  the  conductor  for  self  capacitance  and  linear 
charge  between  two  conductor  for  mutual  capacitance.  Keep  voltage  at  V=l  volt. 

•  Apply  Gauss's  law  to  find  Q  on  the  conductor  for  self  capacitance  with  reference  to  ground  plane.  Gauss  law 
relates  capacitance  (total  charge  on  conductor)  to  integrated  electrical  field  around  the  conductor  according  to 
equation  no  1 . 


•  Apply  Green's  function  to  computes  the  potential  for  boundary  region  on  conductor.  Green's  function  relates  the 
E  strength  (derivative  of  potential)  to  potential  over  the  boundary.  We  can  measure  electrical  field  by  random 
point  sample  of  potential. 

•  Random  Walk  process  is  applied  on  different  points  to  estimates  the  potential  according  to  the  mean  value 
theorem  of  electrostatics  which  states  the  potential  of  any  point  is  equal  to  the  mean  potential  of  all  points  on  a 
spheresur  rounding  that  point[7].  This  theorem  can  be  extended  to  weighted  samples  over  any  closed  geometry, 
like  a  cube. 

•  By  selecting  the  random  point  from  one  conductor  and  calculating  the  potential  of  that  point  with  considering 
cube  centered  on  that  selected  point  with  help  of  mean  value  theorem  of  electrostatics. 

•  Find  the  different  points  potentials  by  random  walk  process  until  we  find  the  overall  potential  between  the  two 
conductors  and  thatis  the  mutual  capacitance  between  that  two  interconnect  metals. 
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Figure  1:  Self  and  Mutual  Capacitance  between  Conductors 
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RESULTS  AND  DISCUSSIONS 


The  detailed  capacitance  extraction  is  implemented  using  Linux  Cent  OS-6.5,  x86_64  with  packages  yum  install 
gcc-c++,  yum  install  glibc.i686,  yum  install  libstdc++.  i686  to  perform  our  experiment.  Figure  2  shows  all  input 
parameters  are  provide  to  the  system.  The  specification  of  10  conductors  named  from  METAL_0  to  METAL_9  and  one 
Dielectric  plane  and  one  ground  plane  with  its  specified  dimensions  as  shown  in  Figure  3. 
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Figure  2:  All  Input  Parameters 


/  Applications-  f\m  tyitem  §)  ^  2 

if)  0  f'fc    WKlJan  S,  12:09AM  dhande 

i 

nets_lO,nets  Wtesl%/HCTRACT_ii/rundir]  -  gedit 

-OX 

File  Edit  View  Search  Tools  OKumemts  Help 

\j  fiOP«  v 

6  ft  A 

METAL  1  M9  1  r  14 
METAL"?  1.425  1,7! 
HCTAL  3  2,535  2,36 
HETAL    2.645  2.V 
HETAL~5  3,255  3, 58 
METAL^G  3,065  4,19 
METAL"?  4.475  4.3 
UTAH  5,45  6.35 
HETAL.9  7,0  7.9 

EPS  PLANE  i.2080  9.S5Q0 

GNDPLANE  & 

boundary  -untn  t.mwm  nmm  nmm 

Figure  3:  Selected  Metals  with  Dimensions 


Here  different  nets  are  selects  for  10  metals  and  system  calculate  the  cube  according  to  the  mean  value  of 
electrostatic  theorem  for  calculation  of  different  potential  around  the  cube  and  provide  the  resultant  values  as  shown  in 
figure  4. 
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Figure  5:  Result  and  Extracted  Capacitance 

The  first  column  of  Figure  5  shows  10  different  nets  named  from  netO  to  net9,  second  column  shows  extracted 
capacitance  from  nets  in  terms  of  10"15  Farad.  The  resultant  statistically  parameter  extraction  along  with  capacitance  from 
the  10  different  metal  conductors  are  achieved  at  final  output. 

CONCLUSIONS 

Capacitance  extraction  from  the  VLSI  chip  or  ICs  is  quite  difficult  task.  The  Monte  Carlo  algorithm  is  used  for 
extraction  of  capacitance  because  it  is  comparatively  faster  and  can  handle  large  design  than  rest  of  techniques  which 
requires  meshing  of  wires.  Monte  Carlo  algorithm  followed  by  random  walk  process  which  helps  to  calculate  the  mutual 
capacitance  between  the  two  conductors.  Finally  experimentation  results  gives  extraction  of  the  capacitance  from  selected 
ten  conductors  with  reference  plane  and  dielectric  plane.  The  accurate  extraction  of  capacitance  will  help  to  improve  the 
design  and  performance  of  the  chip  or  ICs. 
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